The Signal transducer and activator of transcription 3 (STAT3) is a conserved 58 transcription factor that plays key roles in development, immunity, response to injury 59 and cancer (1,2). STAT3 homodimerization, post-translational modification (PTM) and 60 intracellular location are key events in its biological functions. STAT3 is canonically 61 activated by phosphorylation at Y705 upon stimulation with a variety of cytokines and 62 growth factors. However, unstimulated STAT3 also dimerizes, is found in the nucleus, 63 binds to DNA and controls the transcription of a specific set of genes, different from 64 phosphorylated STAT3 (1-5). STAT3 can be also found in the mitochondria, where it is 65 necessary for normal activity of the electron transport chain (6,7). This function is 66 independent of its activity as a transcription factor and Y705 phosphorylation, but 67 (Fig. 1B, Suppl. Fig. 1D ). 107
Incubation with STAT3 inhibitor Stattic (5 µM) or removal of the C-terminus 108 containing the SH2 domain partially prevented STAT3 dimerization (Fig. 1B) , 109 consistent with previous reports (13,14). On the other hand, single or double 110 Y705F/S727A phosphoresistant mutants did not decrease fluorescence (Fig. 1B) . These 111 results support relevant evidence indicating that STAT3 dimerization is actually 112 independent of phosphorylation (1, 5, 14) . The behavior of the Venus-STAT3 BiFC 113 system is therefore consistent with previous reports for tagged STAT3. 114 In order to analyze the intracellular location of unstimulated STAT3 homodimers, 115
we classified cells qualitatively in three categories that are mutually exclusive (their 116 sum is 100% of cells), according to the relative intensity and location of the 117 fluorescence signal (Fig. 1C-1D ): 1) predominantly in the cytoplasm (e.g. WT pair), 2) 118 predominantly in the nucleus (e.g. upon LIF induction, Suppl. Fig. 1B) , or 3) 119 homogeneously distributed through nucleus and cytoplasm (e.g. Y705F pair). We also 120 determined the percentage of cells with mitochondrial signal or intracellular inclusions 121 (Suppl. Fig. 2 ). Although changes in patterns of STAT3 dimer distribution were 122 observed in several symmetric BiFC pairs, only Y705F and S727A pairs induced 123 significant increases in the percentage of cells with homogeneous nucleocytoplasmic 124 fluorescence or inclusions, respectively (Fig. 1D) . 125
We made use of the unique properties of our BiFC system to determine the relative 126 contribution of each residue to the dimerization and intracellular distribution of 127 unstimulated STAT3 dimers. We combined all possible inactivating PTM mutations 128 with each other, but no combination had a consistent effect on STAT3 dimerization as 129 determined by flow cytometry (Suppl. Fig. 3) . However, the intracellular distribution of 130 STAT3 homodimers was significantly altered by specific combinations of STAT3 131 molecules ( Fig. 2A) . Unlike the K49R symmetric pair, K49R asymmetric combinations 132 dominantly induced an increase in cells with homogeneous nucleocytoplasmic 133 fluorescence at the expense of cytoplasmic location ( Fig. 2A) , similar to the Y705F 134 symmetric pair. K140R-or K685R-containing pairs showed some tendency to shift 135 cytoplasmic location towards nucleus, but only the K140R+S727A combination 136 achieved significance. This phenotype was almost identical to the Y705F+S727A 137 asymmetric pair ( Fig. 2A) . (Fig. 2B) . Asymmetric combinations of one K-R 143 substitution and one phosphoresistant mutant also increased nuclear translocation, but 144 only 2xK-R combinations increased homogeneous nucleocytoplasmic distribution. 145
Combinations carrying any two phosphoresistant mutations (symmetric or asymmetric) 146 had no significant effect on cellular distribution of STAT3 homodimers (Fig. 2B) . 147
These results indicate that specific asymmetric PTMs on STAT3 dimers can prevent 148 their nuclear import/export. This was later confirmed by pooling the data according to 149 whether the STAT3 pair was symmetric or asymmetric in their PTM mutations (Fig.  150   2C) . We found that only asymmetric PTM mutant combinations increased 151 nucleocytoplasmic or nuclear distribution at the expense of decreasing cytoplasmic 152 localization of STAT3 homodimers. Asymmetric combinations were also sufficient to 153 produce an increase in mitochondrial localization of STAT3 dimers (Fig. 1C) . 
